Functional improvement of iPS cell-derived Hepatocyte

@
(ReproHepato™) by utilizing 3D culture system ’
Zachary Yu-Ching Lin!, Roseann Vardaro?, Robert R. Annand?, Hubert Tseng?, Pujan K. Desai?, - RE I RO

Glauco R. Sauza3, Kenichi Tamura’!, Rina Akahira!, Tomohisa Watanabe! and Mitsuru Inamura’ INTEGRATED TOOLS FOR TRANSLATIONAL RESEARCH

'"ReproCELL Inc., Japan, KDX Shin-Yokohama 381 Bldg. 9F. 3-8-11, Shin-Yokohama, Kohoku-ku, Yokohama, Kanagawa 222-0033, Japan
2Stemgent, A ReproCELL Group Company, 4 Hartwell Place, Le:ulngr_.._m. MA 02421, USA
*n3D Blosclences, 7000 Fannin Street, Suite 2140, Houston, TX 77030, USA

L]
® ® . ® |I'It roductlon ReproHepato CYP450 Expression in 2D Cell Culture 3D Cultivation of ReproHepato
A Thawing & Plating Chemical Compound Measurement Thawing & Plating Chemical Compound Measurement
Peripheral blood provides easy access to adult human cell types for reprogramming purposes. M.C. M.C. M.C. !'_ l " M.C. M.C. M.C. g l
In late 2012, two groups demonstrated the effectlve Isolation, expansion, and subsequent ﬁ3D
generation of retrovirally-induced IPS cell lines from endothellal progenitor cells (EPCs) : = Bosciaes. e sl
derived from human primary hepatocytes have been utllized for high-throughput screening In o0 o o
early stages of drug discovery to evaluate thousands of potentlal therapeutic compounds.
Yet, conslderable lot-to-lot varlablilty exists in commerclally avallable cells since specific lots B CYPAAL Activity with Refsmpicin CYP 3A4 induction in ReproHepato 2D and 30
orlginate from Individual (genetically unigue) donors. Furthermore, human primary L o
hepatocytes have primary hepatogytes have cell supply and cell expansion limitations from C=nn 0
[ -
single donors. To overcome these disadvantages, human Induced plurlpotent stem (IP5) cells = 2 s
have attracted attention because they can be clonally expanded from the same donor and 2 6
differentlated Into hepatocytes In large quantities. Nevertheless, cell immaturity and donor wmpmmman 5| gL
variation are commeon drawbacks posed by IPS cell-derived hepatocytes. In order to address i £ Al
these |ssues, we have utllized 3D cultivation for maturating hepatocytes of IPS cell-derlved @ . I '
i . . i
(clonal) hepatocytes to average out the varlation Issue between donors. B = CYP3A4 £ CYP1A2 - . : 5 2
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We have demonstrated Increased maturation of human IPS cell-derived hepatocyte by two 'E“ﬂn 1965.3 E Ao o mﬂplmmnt-ipﬂl
2000 :
different 3D cell culture approaches. Bath approaches were evaluated by measwing the g il 2454 FIGURE 3: Human iPSC-hepatocyte spheroids demonstrate superior CYP3A4 activity and inducibility over 2D
expression level of key Cytochrome P450 (CYP) family members. 3D cell culture conditions y 1500 8 monolayer culture
were used with our existing ReproHepato cell product, and CYP expression was compared to ¥ 1000 % A. ReproHepato hepatocytes were thawed and immediately plated creating a 2D monolayer (75,000 cells, 96-well format).
that In conventlonal 2D cell monolayer. When 30D cultivation was applied to ReproHepato o spg  337.1 4713 1155 5“f=5 = 100 ReproHepato 3D spheroids were prepared with magnetic 2D bioprinting (Nano3D Biosciencas) by magnetizing the cells for 2
hepatocytes, basal CYP3A4 activity and CYP3A4 Induction were Increased to more than twice g . ' 100.0 ! T 12 6.2 ! hours with Manoshuttle-PL and printing them into spheroids with magnetic forces al 10,000 cells/spheroid, 384-well format)
the level achleved with 2D cell cultivation. We also examined a 30 cell culture approach to d O T = o "t Hepatocytes were cultured for 7 days before exposure to rifampicin (-200 uM). After a 72 hour exposure to rifampicin,
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the hepatocyte differentiation process. 3D cell culture of hepatocyte progenitor cells during CYP3A4 activity was measured using the P450-Glo assay (Promega). B, Induced CYP3A4 activity of ReproHepato cells by
the course of differentiation Increased the basal CYP3A4 activity rise to nearly the same F CYPIBE rifampicin was superior in spherokis than they were In monolay ers.
level as primary hepatocytes, and CYP Inductionwas Iincreased 5-fold. Furthermore, the basal i
expression levels of CYP1A2 and CYP2B6 also Increased roughly 20-fold compared to using E = 3L LEGEND
2D cell culture. In concluslon, we have shown that 3D culture systems yleld human 1P5 cell- 2 600 W Primary Hepatocytes Dnguing Research - 3D Culture HEpEIt]E Differentiation
derived hepatocytes of greater maturity. Furthermore we propose the use of IPS cell-derlved y —_ B ReproHepato Hepatocytes
hepatocyte panels as a way to cover all key CYP famillles and |sotypes to compensate for 28 ' P P P A
Inevitable donor varlations. These approaches used In combination may be an attractive g Anading.: i3 call spherglormution.  Chamica)Comphbind
model for applications In drug discovery or small molecule evaluations. % 263 3203 “;‘" %
= u — =
1 2 3 4 5 DEFINED ENDODERM DIFFERENTZIATION  HEPATIC PROGENITOR
i C e o dg dl4 d21
Materials & Methods £ —— 2 CYP1A2
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ReproHepato type I™ kit (1 plate, 96-well) (ReproCELL #RCESDHOO01) £ 200 i 400
= s = CL
= Cells 1 vial (8.25 million cells/vial) ﬁ 150 g 300
« Thawing Medium 1 bottle 5 100 1000 E 200
= Maintenance medium 1 bottle E 50 . U 100 IS
= Assay Medium 1 bottle T g % o -
= Supplements = 1 2 o 1 2
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2D cell culture Bisin CYP2B6 B 2D Basal (010 cell line) 3D Basal (010 cell ling)
= s THM . :
Puramatrix™ (3D Matrix !pc.} & 200 e T
« Nanoshuttle PL™ (n3D Bio Inc.) 3 185
« Low attachment plate (Sumitomo Bakelite) z 100.0 o 100
ﬂ « . .
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RT-PCR g o m
*  CYP2A4 TagMan® Gene Expression Assays (Life Technologies, Cat Mo, HsDD&04506 m1) 1 2 @ ED
*  CYP1AZ TagMan Gene Expression Assays (Life Technologies, CatMo, HsDOT1673927_m1) FIGURE 1: ReproHepato hepatocytes show CYP activity and induction
»  CYP2BE Taghan Gene Expression Assays (Life Technologies, CatMo, Hs04183483 21) A. ReproHepato cells were thawed and seeded onto Coming® Matrigel®-coated 24-well plates, B. The basal 2 4]
* CYPICS TagMan Gene Expression Assays (Life Technologies, CatMo. Hs02383631_s1) expression levels of CYP3A4, 142, and 206 for bars 1,2,3 show different lots of ReproHepato iP5 cells and
*  CYP2C19 TagMan Gene Expression Assays (Life Technologies, CatNo, Hs00426380_m1) bars 4, 5, 6 show different donors of Human Primary Hepatocytes, The CYP3A4 basal activities of primary e 20 S-fold  2-fold
*  CYP2E1 TagMan Gene Expression Assays (Life Technologies, Cat Mo, HsO0559368_m1) hepatocyte lot 4 was taken as 100% and used to normalize the expression of other samples, C. The average » ‘f&"? d@ﬁ _@.}- .ﬁ ﬁ ﬁ .:.1“* .
*  CYP2AE TagMan Gene Expression Assays (Life Technologies, Cat Mo, HsD0268409_m1) induction levels of CYP3A4, 1A2, and 2B6 from 3 different ReproHepato lots. The average basal level of ﬁ - A a —
* GAPDH TagMan Gene Expression Assays (Life Technologies, Cat.No. Hs02758591gm1) ReproHepato (bar 1) was taken as 100% and compared to the 10 pM Rifampicin induced level (bar 2), The Vebicr s Mgk ool il b e o ol ot
error bar indicates standard deviation,
- . FIGURE 4: 3D culivation during differentiation greatly improves the CYP axpression of IP5SC-derived
CYP3A4 induction assay hapatocytes € ereatly fnp P
= Rifampicin (Sigma, Cat.No. R7382) A. Schematic diagram of hepatic differentiation and the morphology of cells and colonies. B. Basal level of CYP expression
*  Omeprazole (Sigma, Cat.No. 104) 3D Cultivation of RepmHEpatn after 2D-(left) and 3D-{right) cultivation and differentiation. In 2D-differentiated hepatocytes, the overall expression was low
= Sodium Eut:.rrate NA {Sigma Cat.No. 30341 ﬂ] A compara to primary hepatocyte, In 3D-differentiated hepatocytes, CYP3A4, 1A2 and 2B6 expression levels have greatly
. =3y 2 PN Thawing & Plating Chemical Compound Measurement increased. CYP2C9 and 2C19 were also increased to a lesser extent, while expression of CYP2A6 and 2E1 showed increases
P450-Glo™ CYP3A4 ASSE}’ with Luciferin-IPA tmeEa' Cat. No. ngz} - M.C. in expression levels but still low basal levels, The basal level of CYP-expression of primary hepatocytes was taken as 1 and
| used to normalize the expression of all samples, Mormalized values are shown,
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ReproCELL Group companles and collaborators
Human primary cell iPS cells without Differentiated cells & - = 3D cell culture systems are able to enhance the maturlty of human IPS cell-derived hepatocytes as
(Normal, Diszased) gRoomi: change chesainkd v s demonstrated by elevated CYP expression.
= Spherold formation of hepato-progenitor cells prior to maturation has the greatest effect on basal level
expression and induclbllity of CYP erzymes.
- = Basal level expression and Induclblity of CYP in primary human hepatocytes Is highly variable from lot to lot
Scale br: 50 mm due to donor (genetlc) varlation.
B LEGEND = Unlike primary human hepatocytes, different lots of ReproHepato IPS cell-derlved hepatocytes are highly
£ 15000 CYP3A4 basal @ 10 pM RIf consistent In basal expression levels of CYP erzymes.
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I Business alliance I Business alliance | derived di5935? ! FIGURE 2: 3D cultivation in Puramatnx improves the maturation of ReproHepato
| mﬂdEIS, & g:anetlc | A. Schematic for thawing, plating and 3553-'!' of ReproHepato Typel utilizing Puramatrix, B. T':IE basal and Corning and Matrigel are registered trademarks of Coming Incorporaced, Mutristem is a registered trademark of Biological Industries,
CAMCER GEMETICS TF i IHII] gd ul" 'x FrENMREINE g Ir1_ductr::|r1 level of CYP3A4 of ReproHepato in 2D (blue bar, 1) and on Puramatrix (blue bar, 2) is compared to Unless otherwise noted, ReproCELL, Inc. and ReproCELL, Inc. logo, BioSere Biotechnologies Ltd. and BioServe Biotechnologies Ltd. Logo,
M models, ol different lots of primary hepatocytes {yellow bars, 3, 4 & 5) grown in 2D culture, The number on the graph Stemgent, Inc, and Stemgent, Inc. logo, Reinnervate Ltd, and Reinnervate Ltd, Logo and all other trademarks are the property of ReproCELL, Inc.
5 above each bar shows relative expression after nommalization to the basal level of primary hepatocyte lot 2. T 2015 ReproCELL, Inc. All rights resernved.
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